ABSTRACT: Two component traits of litter size of pigs, ovulation rate and embryonic survival, were examined in Meishan and composite white crossbred gilts and sows. At puberty, an ovulation rate of 12.5 was similar for Meishan (118 f 3 d of age) and crossbred gilts (217 * 3 d of age). The number of corpora lutea (C L) increased (4.3 CL) markedly ( P < .01) from puberty to the sixth estrous period (220 d of age) in Meishan gilts but increased (1.2 CL) slightly from puberty to the fourth estrous period in crossbred gilts. At 220 and 280 d of age, Meishan gilts had a greater ( P < .01) number of CL than did crossbred gilts (220 d, 16.7 k .5 vs 12.7 f .4; 280 d, 16.5 k .7 vs 13.9 k .6 CL). Ovulation rate was greater ( P < . O l ) in Meishan than in crossbred sows examined at 417 (18.1 f 1.2 vs 15.2 f .4 CL), 608 (20.1 f 1.3 vs 17.1 k .6 CL), and 735 d of age (24.6 f .8 vs 16.6 f .8 CL). Early embryonic survival was not significantly different in this study for Meishan and crossbred gilts ( 7 3 vs 81%, respectively). However, at 30 d of gestation embryo weight and length, placental weight, and allantoic fluid volume were less ( P < .01) in Meishan than in crossbred gilts. The effect of small embryo size and reduced placenta weights and allantoic fluid volumes at d 30 of gestation on subsequent fetal survival and development (uterine capacity) is unknown but may be an enhancement to the prolificacy of Meishan pigs. This observation indicates the need for further study of fetal-maternal interactions after d 30 of gestation in both Meishan and European pigs because of potential breed differences in uterine and placental function.
Introduction
Meishan pigs are noted for their prolificacy (Zhang et al., 1983; Yun, 1988) and have average litter sizes that are 30 to 40% greater than those of contemporary European pigs (Bolet et al., 1986; Young, 1993) . Although ovulation rate imposes an upper limit to litter size in pigs, several workers have failed to find evidence of greater ovulation rate among Meishan pigs than among Large White pigs (Bolet et al., 1986; Bazer et al., 1988a,b; Ellendorf et al., 1988) . Comparison of Meishan and Large White pigs of similar age, however, indicates that Meishans shed more ova Ashworth et al., 1992) . Bidanel and Legault (19861, Bazer et al. J. h i m . Sci. 1993. 71:3060-3066 (1988b), have reported that Meishan prolificacy seems to be a result of increased prenatal survival. Thus, the objective of this research was to evaluate two components of litter size, ovulation rate and early embryonic survival and development, in Meishan and white crossbred gilts and sows. Ovulation rate comparisons were made during postpubertal development of gilts and at three parity ages in sows; embryonic survival and development were estimated at 30 d of gestation in gilts mated at 220 or 280 d of age.
Materials and Methods
Meishan and composite white crossbred ( ?h each of Chester White, Landrace, Large White, and Yorkshire) gilts, weaned after a 28-d suckling period, were reared in a nursery and given ad libitum access to a corn-soybean meal diet (17.9% CP; 3,283 kcal of DE/ kg) until 63 to 70 d of age. Gilts were moved to pens with partially slatted floors in a growing/finishing building and were given ad libitum access to a cornsoybean meal diet (15.5% CP; 3,383 kcal of DE/kg) until 196 d of age, after which the same diet was given once daily to appetite (2.0 t o 2.5 kg) to Meishan gilts and once daily limit fed ( 1 . 8 kg) to crossbred gilts. Experiment 1. Daily estrus detection with sexually experienced boars was initiated in 21 Meishan gilts at 70 d of age and in 40 crossbred gilts at 147 d of age. Six to 10 d after puberty, Meishan and crossbred gilts were anesthetized, and the number of corpora lutea (CL) was recorded by visually counting CL using a laparoscopic method (Christenson et al., 1987) . After either the sixth (220 d of age) or ninth (280 d of age) estrous period, Meishan gilts were slaughtered, ovaries were removed, and CL were dissected and recorded. The number of CL of crossbred gilts was similarly obtained after the fourth estrous period (280 d of age 
Statistical Analysis
Data were analyzed using the GLM least squares analysis of variance procedures of SAS (1990). For Exp. 1 and 2, age at puberty data for Meishan and crossbred gilts were analyzed using a statistical model that included breed, experiment, and their interaction. For ovulation rate data in Exp. 1 and 2, breed and estrous period were combined into a single classification variable called breed-period. The five classifications in breed-period were Meishan-periods 1, 6, and 9 and crossbred-periods 1 and 4. Linear contrasts were made among specific breed-period classifications. These contrasts were made to estimate differences at puberty (Meishan-period 1 vs crossbred-period 11, 220 d of age (Meishan-period 6 vs crossbred-period 11, and 280 d of age (Meishan-period 9 vs crossbred-period 4).
Three methods were used to count CL in crossbred and Meishan gilts after mating in Exp. 2. The deviations in number of CL recorded for Method 1 or 2 from Method 3 are defined as counting errors ( Table  1 ) . Counting errors and number of CL were analyzed using a statistical model that included breed, gilt within breed, method, and the breed x method interaction. Gilt within breed was used to test breed differences. Pearson correlation coefficients were used to evaluate the relationship of number of CL and counting errors obtained by Methods 1 vs 2, 1 vs 3, and 2 vs 3.
Embryo weights and lengths were analyzed using a statistical model that included breed as a main effect and day of gestation as a covariate. For the remaining embryo and reproductive tract traits, day of gestation was removed from the model because, if included, data were inappropriately adjusted due to minimal influence of day of gestation.
Ovulation rate data of sows in Exp. 3 were analyzed using a statistical model that included breed, age, and their interaction. Data are presented as means k SEM.
Results

Methods for Determining Ovulation Rate
For gilts in Exp. 2, the number of CL (Method 3, after ovarian dissection) and CL deviations (Method 1 a t laparoscopy; Method 2 at slaughter) are presented in Table 1 . The number of CL counted at laparoscopy or at slaughter was lower ( P < . 0 1 ) than the number counted after ovarian dissection in Meishan ( -1.0 CL) and crossbred (> -.5 CL) gilts. The interaction of method and breed was not significant, which indicates that the two methods are equally effective within either breed.
The correlations between Methods 1 and 2 were large and positive in both breeds (Meishan, r = .74, P < .005; crossbred, r = .87, P < .001), suggesting relatively equal effectiveness of Methods 1 and 2 for counting CL (Table 1 ) . To determine whether errors in counting CL with Methods 1 and 2 were associated with total number of CL counted with Method 3, the correlation was calculated between total number of CL 16.3b 
aNumber of CL counted a t laparoscopy, at slaughter, and at slaughter after CL dissection, Methods 1, 2, and 3, respectively.
b,Within breed, means k SEM with a different superscript differ ( P e .01).
(Method 3 ) and CL deviation number (Method 1 or 2). In crossbred gilts, the correlations were r = -.70 and -.73 ( P < . O l ) , indicating that more CL were missed with Methods 1 and 2 in gilts with high ovulation rates than in gilts with lower ovulation rates. The same trend was seen in Meishan gilts, although the correlations were not significant ( r = -.41 and -.45, P = .16). This probably indicates that subsurface CL were more responsible for counting errors in Meishan gilts, regardless of ovulation rate, than in crossbred gilts.
Age at Puberty and Ovulation Rate
For both age at puberty and number of CL (determined by dissection), the effect of experiment was not significant ( P > .05). Therefore, Exp. 1 and 2 were combined for analysis and presentation in Figure  1 . In Exp. 1 and 2 , 4 7 of 52 Meishan (90%) and 50 of 60 crossbred (83%) gilts exhibited estrus, and age at puberty was significantly ( P < .01) lower in Meishan
At puberty, ovulation rate was similar (12.3 k .4 vs 12.7 f .4 CL) for Meishan and crossbred gilts. However, at comparable ages, ovulation rate was greater ( P < .01) for Meishan than for crossbred gilts .7 vs 13.9 _+ .6 CL). In Meishan gilts, the number of CL increased markedly ( P < .O 1) from puberty to the sixth estrous period (220 d of age), whereas changes in number of CL from the sixth to ninth estrous periods in Meishan and from puberty to the fourth estrous period (280 d of age) in crossbred gilts were not significant ( P > .05).
In Exp. 3, three age groups of Meishan (first and second parity) and three age groups of crossbred (first, second, and third parity) sows were slaughtered on d 8 to 18 after first postweaning estrus. The number of CL was greater ( P < . O l ) for Meishan than for crossbred sows at all three ages (Figure 1 ).
Early Embryonic Survival and Development
Twenty-four Meishan and 17 crossbred gilts in Exp.
2 were slaughtered at 30 d of gestation. Mean BW, total ovarian weight, gravid uterine weight, and total uterine horn length are presented in Table 2 . At 30 d of gestation, Meishan gilts weighed less ( P < .05) than crossbred gilts (110 f 3 vs 140 f 4 kg), but total ovarian weight was greater ( P < .01) for Meishan gilts. Both trimmed gravid uterine weight and total uterine horn length were significantly less for Meishan than for crossbred gilts.
The number of CL, number of live embryos, and the percentage of CL represented by live embryos (embryonic survival) for Meishan and crossbred gilts are presented in Table 2 . As reported for combined Exp. 1 and 2 gilts, Exp. 2 Meishan gilts had a greater ( P < .05) ovulation rate than did Exp. 2 crossbred gilts (16.8 k .6 vs 14.7 f .7 CL) at slaughter on d 30 of gestation. However, number of live embryos was similar for Meishan and crossbred gilts (12.2 f .8 vs 12.0 k .9 embryos). The percentage of CL represented by live embryos did not differ for crossbred and Meishan gilts (81.2 k 4.1 vs 72.7 f 3.5%). Embryo weights and lengths, allantoic fluid volumes, and placental weights were less ( P < .01) in Meishan than in crossbred gilts (Table 2) . Age (days) Figure 1 . Ovulation rate at the first (puberty), sixth, and ninth estrous periods for Meishan and first [puberty) and fourth estrous periods for white crossbred gilts and at three ages (first, second, and third parity) for Meishan and white crossbred sows. Numbers of gilts or sows are presented in parentheses. Age at puberty was earlier (P < .01) for Meishan than for crossbred gilts, but ovulation rates at puberty were similar. Breed comparison (mean -t SEM) of ovulation rate at 220 and 280 d of age for gilts and at 417, 608, and 735 d of age for sows differed (P < .01).
-
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Discussion
ovaries (Method 3 ) for both breeds. also reported a lower number of CL at Counting CL at laparoscopy (Method 1) or at laparotomy than after dissection at slaughter, alslaughter (Method 21, which simulates counting CL though the discrepancies were greater in both Meiat laparotomy because ovaries can be manipulated but shan and Large White x Landrace gilts than were not dissected, resulted in similar estimates of CL observed in the present experiment. A majority of the numbers. Methods 1 and 2 resulted in a lower number counting errors or deviations for Methods 1 and 2 are of CL than did counts after dissection of CL from a result of CL that were not distinguishable on the surface of the ovary. In addition to the deviation in CL number as a result of subsurface CL, one might expect additional errors associated with the manipulation techniques required to count CL at laparoscopy. These errors, however, seem to be minor. In spite of the deviations associated with Method 1 at laparoscopy or with counting CL at laparotomy (similar to Method 2 1, these procedures are unbiased estimates of ovulation rate in crossbred and Meishan gilts and provide valuable information under experimental situations in which ovaries cannot be removed and dissected. The percentage of Meishan and crossbred gilts that expressed puberty in Exp. 1 and 2 averaged 90 and 83, respectively. However, the expression of puberty varied for gilts of both breed groups in Exp. 1 and 2. This indicates that experiment-to-experiment variation in the percentage of gilts expressing puberty, which has been previously shown to be variable in European pigs (Christenson and Ford, 1979; Hughes, 1982) , is also variable in Meishan gilts. The mean age at puberty was 99 d less in Meishan than in crossbred gilts, which supports previous reports (Legault, 1978; Bidanel and Legault, 1986; Bolet et al., 1986; Bazer et al., 1988a; .
In this study, ovulation rate at puberty averaged 12.5 for Meishan and crossbred gilts. Because there was a 99-d difference in age at puberty in Meishan and crossbred gilts, many other growth, developmental, and environmental factors may differ. To reduce the potential impact of these factors, ovulation rate was evaluated in Meishan and crossbred gilts at comparable ages. At 220 and 280 d of age, Meishan gilts had 4.0 and 2.6 more CL than did crossbred gilts. Similar results have been reported by and Ashworth et al. (1992) . More importantly, the pattern of change in ovulation rate differed for Meishan and crossbred gilts. In Meishan gilts, ovulation rate increased by 4.3 CL from puberty to the sixth estrous period and was relatively constant from the sixth to the ninth estrous period. Although the number of CL in crossbred gilts increased by 1.2 CL from puberty to the fourth estrous period, this increase in ovulation rate was not significant.
Previously, Bolet et al. (1986) reported that ovulation rate in Meishan gilts increased significantly between the first (9.2 * .8 CL) and third (11.7 f .6 CL) estrus, whereas there was not a comparable increase in Large White gilts. A number of studies with European breeds of swine (Robertson et al., 1951; Warnick et al., 1951; Paterson and Lindsay, 1980; Kunavongkrit and Larsson, 1982) indicated that ovulation rate increases after puberty with successive estrous periods. Kirkwood and Aherne (1985) concluded that ovulation rate in gilts reaching puberty at young ages ( 5 to 7 mol will increase with each estrous period. However, in older gilts (> 8 mol, the increases in ovulation rate with successive estrous periods is greatly reduced (Dyck, 1971) . Therefore, it is not surprising that early-maturing Meishan gilts show an increase in ovulation rate after puberty. Also, this substantial increase in ovulation rate from puberty to the sixth estrous period may help t o explain why variations in ovulation rate have been reported in Meishan gilts.
The observed superiority in ovulation rate in Meishan sows over crossbred sows is notable and agrees with the findings of and Anderson et al. (1993) . The plateau in ovulation rate observed in crossbred sows was not seen in similaraged Meishan sows. In earlier studies, Perry (1954) reported that the number of CL increased through the seventh parity in European breeds of swine, but a general conclusion is that litter size increases only through the fourth or fifth parity (Lush and Mollin, 1942; Perry, 1956) . However, at least one report indicates that litter size continues to increase as the age of dam increases (until at least 2 yr of age) and that parity per se has little or no direct effect on litter size (French et al., 1979) . In this study, two groups of Meishan sows were both at second parity, but one group of sows was 213 d older and the number of CL was greater (20.1 k 1.3 vs 24.6 k .8 CL), thus supporting the concept that age rather than parity influences ovulation rate and litter size in sows.
Embryonic survival has been evaluated at various stages after mating in Meishan and European gilts and sows. During studies of conceptus development and morphological diversity at d 11 to 12 of gestation, we found that conceptus recovery and survival was 95% in both Meishan and composite white crossbred sows (Anderson et al., 1993) . Galvin et al. (1991) reported that embryonic survival rates were 82 and 73% at 20 t o 22 d of gestation in Meishan and Large White sows, respectively. At 30 d of gestation, results from the present study indicated that the percentage of embryonic survival was numerically smaller for Meishan than for crossbred gilts ( 7 3 vs 81%, respectively), whereas Ashworth et al. (1992) reported that embryonic survival was numerically larger for Meishan than for crossbred (Landrace x Large White) gilts (80 vs 72%, respectively). In contrast, several investigators (Bazer et al., 1988b; Terqui et al., 1990) have reported greater ( P < .01 j embryonic survival rates at 30 d of gestation for Meishan than for Large White gilts. Therefore, early embryonic survival rates are at least equal or greater for Meishan than for European breeds of swine. This conclusion is further strengthened by prenatal survival data collected at or near parturition in two independent studies. Using Meishan, Large White, and reciprocal crossbred gilts, reported that Meishan and reciprocal-crossbred gilts had a 20% greater prenatal survival a t parturition than did Large White gilts at any given ovulation rate. Similarly, L. D. Young (unpublished observations) found a 17% advantage in prenatal survival at 100 d of gestation for Meishan F1 crossbred vs Duroc F1 crossbred gilts at any given ovulation rate. This genetic expectation is one-half the genetic expectation reported by . These combined experiments suggest that Meishan have a 20 to 34% advantage relative to Duroc and Large White gilts in prenatal survival at any given ovulation rate over the range of ovulation rates for these breeds. Therefore, if early embryonic survival is at least equal or greater for Meishan than for European breeds of swine, as concluded from the present study, and prenatal survival at or near parturition is greater in Meishan or Meishan crossbred gilts, research emphasis on fetal survival and development from d 30 of gestation to parturition (uterine capacity) is needed.
Generally, other embryo development traits for gilts and sows of the Meishan and European breeds have shown more consistent agreement than have ovulation and embryonic survival rates. Bazer et al. (1988b) reported no difference in embryo weight and embryo length at 30 d of gestation for Meishan and Large White gilts, but they did report smaller placental weights and allantoic fluid volumes for Meishan than for Large White gilts. In the present study, embryo weights and lengths, placental weights, and allantoic fluid volumes were less at 30 d of gestation for Meishan than for crossbred gilts. This confirms a report by Ashworth et al. (1992) and also supports the conclusions of Ashworth et al. (1990) that fetal size differences at 30 d of gestation are largely controlled by the maternal genotype. However, the importance of reduced embryo size, placental weights, and allantoic fluid volumes at d 30 of gestation on subsequent fetal survival and development (uterine capacity) in Meishan gilts and sows is unknown. Uterine capacity has been investigated and mathematically modeled in composite white crossbred gilts (Christenson et al., 1987; Leymaster, 1989, 1990a,b) , but similar studies on Meishan animals have not been completed.
Implications
This study shows the relationship of reproductive and chronological age with ovulation rate in composite white crossbred and Chinese Meishan gilts. At puberty, ovulation rate was not different, but at 220 and 280 d of age, Meishan gilts had a greater Ovulation rate than did white crossbred gilts. The superiority of ovulation rate observed in Meishan gilts was maintained in Meishan sows studied at 417, 608, and 735 d of age. At 30 d of gestation, embryo weight and length, placental weight, and allantoic fluid volume were less in Meishan gilts, indicating an important association with subsequent fetal survival and development.
